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MANUFACTURING METHOD OF after reading the following detailed description of the pre 
SEMICONDUCTOR MEMORY DEVICE ferred embodiment that is illustrated in the various figures 

and drawings . 
BACKGROUND OF THE INVENTION 

5 BRIEF DESCRIPTION OF THE DRAWINGS 
1 . Field of the Invention 

FIGS . 1 - 5 are schematic diagrams illustrating a manufac 
The present invention relates to a manufacturing method turing method of a semiconductor memory device according 

of a semiconductor memory device , and more particularly , to a first embodiment of the present invention , wherein : 
to a manufacturing method of a semiconductor memory 10 FIG . 2 is a fabricating stage following FIG . 1 ; 
device having a storage contact node . FIG . 3 is a fabricating stage following FIG . 2 ; 

FIG . 4 is a fabricating stage following FIG . 3 ; and 
2 . Description of the Prior Art FIG . 5 is a fabricating stage following FIG . 4 . 

FIGS . 6 - 8 are schematic diagrams illustrating a manufac 
Dynamic random access memory ( DRAM ) is a kind of 15 turing method of a semiconductor memory device according 

volatile storage device which is an indispensable key part of to a second embodiment of the present invention , wherein : 
many electronic products . DRAM includes a great number FIG . 7 is a fabricating stage following FIG . 6 ; and 
of memory cells arranged for forming an array configured to FIG . 8 is a fabricating stage following FIG . 7 . 
store data . Each of the memory cells may be composed of a 
metal oxide semiconductor ( MOS ) transistor and a capacitor 20 DETAILED DESCRIPTION 
connected in series . 

The MOS transistors of the memory cells may have Please refer to FIGS . 1 - 5 . FIGS . 1 - 5 are schematic dia 
different structural design because of the product specifica grams illustrating a manufacturing method of a semicon 
tion and / or the memory cell density requirements . There - ductor memory device according to a first embodiment of 
fore , the structure of the MOS transistor of the memory cell 25 the present invention . The manufacturing method of the 
may be different from that of transistors on other regions semiconductor memory device provided in this embodiment 
within the same chip , and the manufacturing process will includes the following steps . First , as shown in FIG . 1 , a 
become more complicated . Accordingly , it is very important semiconductor substrate 10 is provided , and the semicon 
for the related field to effectively integrate the manufactur - ductor substrate 10 has a memory unit region R1 and a 
ing process of the MOS transistors in the memory cell and 30 peripheral region R2 defined thereon . A plurality of memory 
the manufacturing process of the transistors in other regions . cells may be formed in the memory unit region R1 , and other 

devices other than the memory cells may be formed in the 
SUMMARY OF THE INVENTION peripheral region R2 , such as transistors for controlling 

word lines and / or bit lines , but not limited thereto . The 
The present invention provides a manufacturing method 35 semiconductor substrate 10 may include a silicon substrate , 

of a semiconductor memory device which performs a clean - an epitaxial silicon substrate , a silicon germanium substrate , 
ing treatment to the storage node contact before forming the a silicon carbride substrate or a silicon - on - insulator ( SOI ) 
first metal silicide layer on the storage node contact in the substrate , but not limited herein . In this embodiment , a 
memory cell region to remove impurities on the surface of shallow trench isolation 11 may be formed in the memory 
the storage node contact , and the forming condition of the 40 unit region R1 of the semiconductor substrate 10 for defin 
metal silicide layer can be ensured accordingly . Addition - ing a plurality of active regions 20 in the memory unit region 
ally , after forming the metal silicide layer on the storage R1 of the semiconductor substrate 10 . The shallow trench 
node contact , a gate contact opening of a gate structure is isolation 11 may be formed by using etching method to form 
formed in the transistor in the peripheral region , so as to a plurality of trenches in the memory cell region R1 of the 
ensure that the gate structure exposed by the gate contact 45 semiconductor substrate 10 and followed by filling the 
opening will not be affected by the cleaning treatment to the trenches with an insulation material , such as silicon oxide , 
storage node contact , thereby achieving the purposes of but not limited thereto . In some embodiments , the shallow 
integrating processes and increasing production yield . trench isolation 11 may be formed by other suitable method 
An embodiment of the present invention provides a based on the requirements . Furthermore , a plurality of word 

manufacturing method of a semiconductor memory device , 50 lines 22 may be formed in the memory cell region R1 of the 
including the following steps . First , a semiconductor sub - semiconductor substrate 10 , and each word line 22 of this 
strate is provided , and the semiconductor substrate having a embodiment may be a buried word line , but not limited 
memory cell region and a peripheral region defined thereon . thereto . The word lines 22 may be formed in the semicon 
A transistor is formed in the peripheral region , and the ductor substrate 10 and the shallow trench isolation 11 by 
transistor includes a gate structure , a cap layer , and a 55 using burying method . A first gate dielectric layer 21 may be 
source / drain region . The gate structure is disposed on the formed between each word line 22 and the semiconductor 
semiconductor substrate , the cap layer is disposed on the substrate 10 , and a word line cap layer 23 may be formed on 
gate structure , and at least a part of the source / drain region each word line 22 to cover each word line 22 . The above 
is disposed in the semiconductor substrate . A storage node mentioned first gate dielectric layer 21 , word lines 22 and 
contact is formed in the memory cell region , and a cleaning 60 word line cap layer 23 may be formed through forming a 
treatment is performed to the storage node contact . A first plurality of trenches in the semiconductor substrate 10 and 
metal silicide layer is formed on the storage node contact the shallow trench isolation 11 first and then sequentially 
after the cleaning treatment . A gate contact opening is forming the first gate dielectric layer 21 , the word lines 22 
formed to penetrate the cap layer for exposing the gate and the word line cap layer 23 in the trenches , but not limited 
structure after forming the first metal silicide . 65 thereto . In some embodiments , the first gate dielectric layer 

These and other objectives of the present invention will 21 may include silicon oxide or other suitable dielectric 
no doubt become obvious to those of ordinary skill in the art material , the word lines 22 may include aluminum ( Al ) , 
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tungsten ( W ) , copper ( Cu ) , alloy of titanium and aluminum ments , the cleaning treatment 90 may be used to improve the 
( TiAl ) or other suitable conductive materials , and the word condition of the uneven surface of the storage node contact 
line cap layer 23 may include silicon nitride , silicon oxyni 42 resulted from the above mentioned etching back process , 
tride , silicon carbon nitride ( SiCN ) or other suitable insula - so as to ensure the condition of the metal silicide layer 
tion materials . Additionally , a first source / drain region 12 5 formed on the storage node contact in the following pro 
may be formed in each active region 20 , so that the first cesses . For example , the storage node contact 42 may 
source / drain region 12 , each word line 22 and the first gate include silicon , such as amorphous silicon , polysilicon or 
dielectric layer 21 may form a transistor part of the memory other silicon containing conductive material , and the clean 
cell . In some embodiments , the first source / drain region 12 ing treatment 90 may include a dry cleaning treatment ( for 
may be formed by doping a part of each active region 20 , but 10 example a cleaning treatment of SiCoNi ) using a mixed gas 
not limited thereto . of nitrogen trifluoride and ammonia , but not limited thereto . 

In this embodiment , a transistor T is formed in the In some embodiments , the storage node contact 42 may be 
peripheral region R2 . The transistor T in the peripheral cleaned by using other dry or wet cleaning treatment , such 
region R2 may include the transistors for controlling the as SC1 cleaning or a buffer oxide etch ( BOE ) cleaning , 
word lines and / or bit lines , but not limited thereto . The 15 according to requirements . It is worthy to note that the gate 
transistor T includes a gate structure 32 , a cap layer 33 and structure 32 in the peripheral region R2 is covered with the 
a source / drain region ( for example the second source / drain cap layer 33 during performing the cleaning treatment 90 , so 
region 35 shown in FIG . 1 ) . The gate structure 32 is disposed when a material of the gate structure 32 is capable of being 
on the semiconductor substrate 10 , the cap layer 33 is etched by the cleaning treatment 90 , the gate structure 32 
disposed on the gate structure 32 , and the second source / 20 can be kept from being influenced by the cleaning treatment 
drain region 35 is at least partly disposed in the semicon - 90 because the gate structure 32 is covered with the gate 
ductor substrate 10 . Furthermore , the transistor T may structure 32 . 
further include a gate dielectric layer ( for example the Next , as shown in FIGS . 1 - 3 , after the cleaning treatment 
second gate dielectric layer 31 shown in FIG . 1 ) disposed 90 , a first metal silicide layer 42S is formed on the storage 
between the gate structure 32 and the semiconductor sub - 25 node contact 42 . The forming method of the metal silicide 
strate 10 , a spacer 34 may be formed on a sidewall of the 42S may include , but not limited thereto , the following 
gate structure 32 and a sidewall of the cap layer 33 , and a steps . First , a metal layer 50 is formed to cover the surface 
dielectric layer 36 may be formed on the semiconductor of the storage node contact 42 and followed by performing 
substrate 10 and to cover the second source / drain region 35 . a thermal treatment to form the first metal silicide layer 42S 
In some embodiments , the second source / drain region 35 30 on the storage node contact 42 , and the metal layer 50 is 
may be formed by doping the semiconductor substrate 10 , removed after the first metal silicide layer 42S is formed . In 
but not limited thereto . In some embodiment , the gate some embodiments , the metal layer 50 may include cobalt 
structure 32 may include a stack of a silicon layer 321 and ( Co ) , nickel ( Ni ) or other suitable metal materials , and the 
a metal gate 322 , and a barrier layer ( not shown ) may be first metal silicide layer 42S may include cobalt - silicide , 
disposed between the silicon layer 321 and metal gate 322 35 nickel - silicide or other suitable metal silicide . Furthermore , 
according to the requirements . The silicon layer 321 may the metal layer 50 may be formed by using a deposition 
include polysilicon , amorphous silicon or other silicon con device , such as a physical vapor deposition ( PVD ) device , 
taining conductive materials , the metal gate 322 may include and the above - mentioned cleaning treatment performed to 
aluminum , tungsten , copper , alloy of titanium aluminum or the storage node contact 42 may be performed in the same 
other suitable conductive material with low resistance , and 40 deposition device so as to mitigate bad influence from the 
the cap layer 33 may include silicon nitride , silicon oxyni - outer environment on the surface of the storage node contact 
tride , silicon carbon nitride ( SiCN ) or other suitable insula - 42 in a waiting period between the cleaning treatment and 
tion materials . Additionally , in some embodiments , the gate forming the metal layer 50 , but not limited thereto . 
structure 32 and the cap layer 33 may be formed together Then , as shown in FIGS . 3 - 4 , after the first metal silicide 
with the bit line structure ( not shown ) by the same process , 45 layer 42S is formed , a gate contact opening H1 is formed to 
so as to achieve the effects of simplifying processes and penetrate through the cap layer 33 and expose the gate 
integrating processes , but not limited thereto . structure 32 . That is to say , the gate contact opening H1 may 
Next , a storage node contact 42 is formed in the memory expose the metal gate 322 of the gate structure 32 . Addi 

cell region R1 , and the storage node contact 42 is electrically tionally , a contact opening H2 is formed in the dielectric 
connected to the first source / drain region 12 . The storage 50 layer 36 covering the second source / drain region 35 , and the 
node contact 42 may be formed by forming an isolation contact opening H2 exposes at least a part of the second 
structure 41 with a plurality of openings on the semicon - source / drain region 35 . The gate contact opening H1 and the 
ductor substrate 10 , filling the openings of the isolation contact opening H2 are formed after the step of forming the 
structure 41 with a conductive material , and then performing storage node contact 42 , and the gate contact opening H1 
an etching back process to the conductive material , so that 55 and the contact opening H2 are formed after the step of 
a top surface of the storage node contact 42 is lower than a forming the first metal silicide layer 42S in this embodiment . 
top surface of the isolation structure 41 in a vertical direction Moreover , in some embodiments , the contact opening H2 
Z , and the top surface of the storage node contact 42 is may be formed together with the gate contact opening H1 , 
higher than a top surface of the semiconductor substrate 10 so as to simplify the processes , but not limited thereto . 
and a top surface of the second source / drain region 35 , but 60 Subsequently , as shown in FIGS . 4 - 5 , a metal silicide 
not limited herein . In some embodiments , the storage node layer 35S is formed on the second source / drain region 35 
contact 42 may be formed by other processes according to exposed by the contact opening H2 . The forming method of 
the requirements . Thereafter , a cleaning treatment 90 is the second metal silicide layer 35S may be similar to that of 
performed to the storage node contact 42 so as to remove the first metal silicide layer 42S , and a material of the second 
impurities , oxide and / or etching residue or derivatives gen - 65 metal silicide layer 35S may also be the same as the material 
erated in the above etching back process on the surface of of the first metal silicide layer 42S , but not limited thereto . 
the storage node contact 42 . Furthermore , in some embodi - In some embodiments , the forming method and / or the mate 
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rial of the second metal silicide layer 35S may be different Accordingly , the above disclosure should be construed as 
from the first metal silicide layer 42S according to the limited only by the metes and bounds of the appended 
requirements . Furthermore , before forming the second metal claims . 
silicide layer 35S , the cleaning treatment to the storage node What is claimed is : 
contact 42 as mentioned above is not performed to the 5 1 . A manufacturing method of a semiconductor memory 
second source / drain region 35 exposed by the contact open device , comprising : 
ing H2 , so as to keep the gate structure 32 exposed by the providing a semiconductor substrate , the semiconductor 
gate contact opening H1 from being damaged . In some substrate having a memory cell region and a peripheral 

region defined thereon ; embodiments , other cleaning treatment may be performed to 
the second source / drain region 35 exposed by the contact forming a transistor in the peripheral region , the transistor 
opening H2 before forming the second metal silicide layer comprising : 

a gate structure , disposed on the semiconductor sub 35S , and the cleaning treatment to the second source / drain strate ; region 35 is different from the cleaning treatment to the a cap layer , disposed on the gate structure ; and 
storage node contact 42 and doesn ' t result in etching to the 16 a source / drain region , at least partly disposed in the 
gate structure 32 and / or other unwanted influence on the semiconductor substrate ; gate structure 32 . Thereafter , a gate contact plug ( not shown ) forming a storage node contact in the memory cell region , 
and a source / drain contact plug ( not shown ) may be formed wherein the storage node contact is formed after form 
in the gate contact opening H1 and the contact opening H2 ing the transistor ; 
respectively , the gate contact plug may be electrically con - 20 performing a cleaning treatment to the storage node 
nected to the gate structure 32 , and the source / drain contact contact ; 
plug may be electrically connected to the second source ! forming a first metal silicide layer on the storage node 
drain region 35 through the second metal silicide layer 35S . contact after the cleaning treatment , wherein the step of 

Please refer to FIGS . 6 - 8 . FIGS . 6 - 8 are schematic dia forming the first metal silicide layer comprises : 
grams illustrating a manufacturing method of a semicon - 25 forming a metal layer covering a surface of the storage 
ductor memory device according to a second embodiment of node contact and the transistor ; and 
the present invention . The difference between this embodi performing a thermal treatment to the metal layer for 
ment and the first embodiment is that the contact opening H2 forming the first metal silicide layer , wherein the 
may be formed before the cleaning treatment 90 in this metal layer is removed after forming the first metal 

embodiment , so the second source / drain region 35 exposed su silicide layer , and the metal layer directly contacts 
by the contact opening H2 is exposed in the cleaning the cap layer during the thermal treatment ; and 
treatment 90 , as shown in FIG . 6 . Then , as shown in FIGS . forming a gate contact opening to penetrate the cap layer 

for exposing the gate structure after forming the first 6 - 7 , after the cleaning treatment 90 , the first metal silicide metal silicide . layer 42S is formed on the storage node contact 42 , and the 35 na m? 35 2 . The manufacturing method of the semiconductor second metal silicide layer 35S is formed on the second memory device according to claim 1 , wherein a material of 
source / drain region 35 . In other words , the contact opening the gate structure is capable of being etched by the cleaning 
H2 is formed before the first metal silicide layer 42S is treatment , and the gate structure is covered with the cap 
formed , and the second metal silicide layer 35S and the first layer during performing the cleaning treatment . 
metal silicide layer 42S can be formed at the same time by 40 3 . The manufacturing method of the semiconductor 
the same process . Next , as shown in FIG . 8 , after the first memory device according to claim 2 , wherein the cleaning 
metal silicide layer 42S and the second metal silicide layer treatment comprises a dry cleaning treatment using nitrogen 
35S are formed , the gate contact opening H1 is formed to trifluoride and ammonia . 
penetrate the cap layer 33 for exposing the gate structure 32 . 4 . The manufacturing method of the semiconductor 
Through the manufacturing method of this embodiment , the 45 memory device according to claim 1 , wherein the storage 
surface of the second source / drain region 35 can be cleaned node contact comprises silicon . 
by the cleaning treatment before forming the second metal 5 . The manufacturing method of the semiconductor 
silicide layer 35S , so as to ensure the forming condition and memory device according to claim 1 , wherein the gate 
quality of the second metal silicide layer 35S . structure comprises a metal gate , and the gate contact 

As the above - mentioned description , in the manufacturing 50 opening exposes the metal gate . 
method of the semiconductor memory device of the present 6 . The manufacturing method of the semiconductor 
invention , the cleaning treatment is performed to the storage memory device according to claim 1 , further comprising : 
node contact before forming the first metal silicide layer on forming a dielectric layer on the semiconductor substrate , 
the storage node contact in the memory cell region for wherein the dielectric layer covers the source / drain 
improving the surface condition of the storage node contact , 55 region ; 
so that the forming condition and quality of the first metal forming a contact opening in the dielectric layer , wherein 
silicide layer can be ensured . After forming the first metal the contact opening exposes at least a part of the 
silicide layer on the storage node contact , the gate contact source / drain region , and the contact opening is formed 
opening of the gate structure is formed in the transistor in the after the step of forming the storage node contact ; and 
peripheral region , so as to ensure that the gate structure 60 forming a second metal silicide layer on the source / drain 
exposed by the gate contact opening would not be influenced region exposed by the contact opening . 
by the cleaning treatment to the storage node contact , 7 . The manufacturing method of the semiconductor 
thereby achieving the effects of integrating processes and memory device according to claim 6 , wherein the contact 
increasing production yield . opening is formed together with the gate contact opening . 

Those skilled in the art will readily observe that numerous 65 8 . The manufacturing method of the semiconductor 
modifications and alterations of the device and method may memory device according to claim 6 , wherein the contact 
be made while retaining the teachings of the invention . opening is formed before the first metal silicide is formed . 
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9 . The manufacturing method of the semiconductor 
memory device according to claim 8 , wherein the second 
metal silicide layer is formed together with the first metal 
silicide layer . 

10 . The manufacturing method of the semiconductor 5 
memory device according to claim 8 , wherein the contact 
opening is formed before the cleaning treatment , and the 
source / drain region is exposed in the cleaning treatment . 

11 . The manufacturing method of the semiconductor 
memory device according to claim 1 , wherein the step of 10 
forming the storage node contact comprises : 

forming an isolation structure with an opening on the 
semiconductor substrate ; 

filling the opening of the isolation structure with a con 
ductive material ; and 15 

performing an etching back process to the conductive 
material , wherein the conductive material in the open 
ing is etched back to be the storage node contact , a 
topmost surface of the storage node contact is lower 
than a topmost surface of the isolation structure in a 20 
vertical direction , and a topmost surface of the first 
metal silicide layer is lower than the topmost surface of 
the isolation structure in the vertical direction . 

* * 


